Abstract. Multiple myeloma (MM) is an incurable hematological disorder characterized by dysregulated proliferation of terminally differentiated plasma cells. Aberrant histone acetylation has been observed in the development of numerous malignancies. Histone deacetylase inhibitors such as valproic acid (VPA) are promising drugs for cancer therapy since they have been reported to have antiproliferative effects and to induce differentiation in carcinoma and leukemic cells. Considering the advantage of being already in clinical use for epilepsy treatment, valproic acid might be a promising therapeutic candidate drug in the management of multiple myeloma. In this study, we show that the short fatty acid VPA has a time and dose-dependent cytotoxic effect on the MM cell lines OPM2, RPMI and U266. The influence of VPA on cell cycle and apoptosis have been evaluated by flow cytometry. Our results show that the three cell lines are blocked in G 0 /G 1 phase. The observed sensitivity to VPA can be partially explained by late apoptosis. Since caspase 3 is activated in all tested cell lines after VPA treatment, a caspase-dependent pathway seems to be involved but not activated by the classic apoptotic pathways. We have also studied another mechanism of cell death, the senescence-like phenotype, but did not find any evidence for its implication. Thus, treatment with VPA may imply other alternative cell death mechanisms.
Introduction
Multiple myeloma (MM) is, despite the emergence of new treatments in recent years, still a non-curable disease in 2006. It is characterized by the presence of malignant plasma cells predominantly located in the bone marrow. Existing treatments mainly attempt to reduce the malignant cell masses and to overcome the disease-related complications. Whereas initial chemotherapeutic treatment can be successful, drug resistance often develops during disease progression, requiring the use of different drugs. Over the last several years, significant insight into the dysregulation of various signal transduction pathways of MM has led to the development of new agents.
Two new drug classes have radically changed the management of multiple myeloma. Thalidomide analogues and bortezomib are in the process of overthrowing the current paradigm of anthracycline, vinca alkaloid and dexamethasonebased chemotherapy followed by autologous bone marrow transplantation (1) .
Cell proliferation and cell death induction are two major targets in cancer therapy. There are two fundamental types of cell death, apoptosis and necrosis, which can be defined by morphological and biochemical criteria. Over the past several years the idea that cells can commit suicide by mechanisms other than apoptosis has been gaining momentum (2) (3) (4) . Apoptosis is marked by cellular shrinking, condensation of the chromatin and loss of plasma membrane integrity resulting in breaking up of the cell into apoptotic bodies. Whereas apoptosis is an inherent, programmed cellular death mechanism, its conceptual counterpart, necrosis, is a more uncontrolled form of death and is characterized by cellular swelling and disruption of the plasma membrane, leading to release of the cellular components and inflammatory tissue response (5) . Alternative models of programmed cell death (PCD) have therefore been proposed, including autophagy, senescence and mitotic catastrophe. Autophagy is the major cellular route for degrading long-lived proteins and cytoplasmic organelles, and the catabolic advantage of increased autophagy might be critical in various stress conditions (6) . Briefly, a double membrane vesicle is formed in the cytosol that encapsulates whole organelles and bulk cytoplasm. These autophagosomes then fuse with lysosomes where the content is degraded and recycled (6) . The distinction between these different types of death is not always clear. A recent report suggests that autophagy and apoptosis seem to be interconnected by 'molecular switches'. Cellular senescence has been identified as one of the mechanisms mediating the anticancer effects of chemotherapies (7) . Morphologic changes observed during this phenomenon are flattening of cells with increase in granularity and biochemical activity of ß-galactosidase. Roninson Histone deacetylase inhibitors represent a novel class of therapeutic agents that regulate genes through specific enzymes. Histone acetyltransferases (HATs) and histone deacetylases (HDACs) determine the acetylation state of the histones, the conformational state of chromatin and, consequently, gene expression (9) . This results in histone hyperacetylation, facilitating the access of the transcription factors and leading to an increase in gene expression. Aberrant histone acetylation has been observed in the development of numerous malignancies. Thus, HDAC inhibitors are emerging as promising new treatment strategies in hematologic and other malignancies (10, 11) .
Valproic acid (VPA) is clinically used in the treatment of epilepsy. In 1997, VPA emerged as an antineoplastic agent, when findings indicated that VPA was able to inhibit proliferation and induced differentiation of neuroectodermal tumor cells in vivo (12) . Hence, further study demonstated that the antineoplastic effects of VPA are mediated through inhibition of class I HDAC (13) and that its inhibitory function is combined with moderate side-effects (14) . VPA has been described as an inducer of apoptosis and differentiation in various cancer types and leukemia (15) (16) (17) (18) . In a study performed on several leukemic and B cell precursor cell lines, VPA induced apoptosis mediated by caspase-dependent and -independent pathways (19) .
In the present study, we investigated the influence of VPA on IL-6 independent multiple myeloma cell lines to gain more insight into the cell death mechanisms triggered by VPA.
Materials and methods

Chemicals.
Valproic acid (Depakine ® , Aventis) was dissolved at 2 M in sodium chloride solution as a stock solution and diluted to the required concentration with complete medium. Z-VAD-FMK and C 2 -ceramide were obtained from Alexis Biochemicals, (Illkirch, France) and were dissolved in dimethylsulfoxide. Hoescht 33342 and monodansylcadaverine were from Sigma and respectively dissolved in PBS and acetic acid. Stock preparations of reagents were stored at -20˚C.
Cell lines. The human multiple myeloma cell lines OPM2, RPMI-8226 and U266 were obtained from the DSMZ, Braunschweig, Germany. Flow cytometry was used to detect CD marker expression in the three cell lines. The samples were measured on a FACSCanto (Becton Dickinson) and up to 6 markers per tube were analysed by the DivaSoftware (Becton Dickinson). Calibration curves for the mean fluorescence intensities (MFI) were obtained with Fluorospheres (DakoCytomation, K0110). More than 20 CD markers have been used to characterize multiple the respective myeloma cell lines. Mean values (of MFI) of the most discriminant are presented in Table I .
Cell culture. Cell lines OPM2, RPMI and U266 were resuspended at a density of 3x10 5 cells/ml in RPMI-1640 medium (BioWhittaker) supplemented with 10% heat-inactivated fetal bovine serum, 1% L-glutamine at 2 mM, 100 U/ml Penicillin G, and 100 mg/ml Streptomycin (Cambrex). All cultures were maintained under a fully humidified atmosphere of 95% air-5% CO 2 at 37˚C. Exponentially growing cells were used in all experiments. Cell viability was assessed by the ability to exclude trypan-blue (0.5% w/v, Sigma). Cells were seeded at 3x10 5 cells/ml in medium with valproic acid at various concentrations.
Cell viability (XTT) assay. Briefly, 100 μl of cell suspension (1x10 5 cells/ml) was added to a 96-well plate. Cells were maintained at 37˚C in absence of the drug for 1 day. Various concentrations of VPA were added and cells were incubated for 24 and 48 h. Cell viability was determined by addition of 50 μl of 1 mg/ml XTT (Sigma) and further incubation for 4 h at 37˚C. Finally, the absorbance of the dye was measured spectrophotometrically at 450 and 630 nm as a reference wavelength.
For investigation of the apoptosis dependence on caspases, the cells were simultaneously incubated with different concentrations of VPA and 100 μM ZVAD-FMK and the assay was performed as described above.
VPA stability assay. VPA stability assay was performed using the COBAS ® INTEGRA drug monitoring kit (Roche Diagnostics) according to the manufacturer's instructions. This method uses fluorescence polarization, which is a reproducible function of the drug concentration and is suitable for the quantitative determination of drug concentration for the purpose of therapeutic drug monitoring.
Propidium-iodide (PI) staining for cell cycle analysis. PI is a fluorescent nucleic acid binding dye that binds preferentially to double-stranded nucleic acids, allowing fluorescence intensity to be used as an indicator of the cellular DNA content (21, 22) . After treatment with or without VPA, cells were fixed in 70% ethanol for 30 min at 4˚C. Cells were washed with PBS, pretreated with 1 U RNase, DNase-free, for 30 min at 37˚C, chilled on ice to 4˚C, and stained with 1 μg/ml PI in PBS. PI stained cells were analyzed using a Becton Dickinson FACSCanto flow cytometer.
Protein immunoblotting. VPA-treated and control cells were lysed on ice with a HEPES based lysis buffer (25 mM HEPES, pH 7.4, 150 mM NaCl, 1% v/v Nonidet, 0.25% m/v sodium deoxycholate, 1 mM EGTA, 1 mM EDTA pH 8.0, 1 mM PMSF, Complete Protease inhibitor from Roche) for 15 min and protein concentrations were determined by a Bradford assay (Bio-Rad). Protein samples (25 μg/lane) were separated on 14% SDS-polyacrylamide gels, then transferred onto a nitro- Table I . Immunophenotyping of the different cell lines. OPM2  91  1158  1745  169  6958  RPMI  149  3636  18509  881  1351  U266  136  8327  254  3312 
cellulose membrane (Amersham). Membranes were incubated overnight at 4˚C with caspase 9 (Alexis;1/2000), caspase 3 (1:500) rabbit polyclonal antibodies (Dako), caspase 8 (Alexis; 1/500) mouse monoclonal antibody or actin mouse monoclonal antibodies AC-15 (Sigma; 1/50000). Proteins were visualized using goat anti-rabbit secondary antibodies (Jackson; 1/100000 and 1/60000 respectively) or goat antimouse secondary antibodies (Jackson; 1/250000) and detected with the ECL advance detection kit (Amersham).
DNA fragmentation assay. After appropriate exposure, cells were collected at densities of 5x10 5 cells/sample, lysed in 30 μl of buffer (150 mM NaCl, 10 mM Tris-HCl, 10 mM EDTA, pH 8.0, 0.5 mg/ml proteinase K, 0.5% SDS) and incubated at 50˚C for 2 h. RNase was added at a concentration of 0.1 mg/ml and samples were incubated at 37˚C for 1 h. Samples were loaded onto a 2% agarose gel and migration was performed at 24 V overnight. A methodology positive control was obtained from Jurkat cells treated with 50 μM VP16 for 6 h (data not shown).
Flow cytometry analysis for apoptosis quantification. Annexin V-APC is a sensitive probe for identifying apoptotic cells (23) . From VPA-treated and untreated cell cultures, suspensions were made (1x10 6 cells/ml) in 0.2 μm filtered 1X Annexin binding buffer (10 mM HEPES/NaOH, pH 7.4, 140 mM NaCl, 2.5 mM CaCl 2 ). Cell samples of 100 μl were stained with 5 μl Annexin V-APC (BD Bioscience) and 1 μg/ml propidium-iodide (PI, Sigma), incubated for 15 min in the dark and measured with a Becton Dickinson (BD) FACSCanto flow cytometer. The degree of annexin V and PI staining was evaluated on lymphocyte gated cells.
SA-ß-gal activity. Cells were stained for ß-galactosidase activity as described by Dimri et al (21) . Briefly cells were seeded out in 6-wells at densities of 3x10 5 /ml. After appropriate exposure, cells were fixed on poly-L-lysine coated coverslips with 0.5% glutaraldehyde in PBS for 5 min. Cells were stained for 12 h at 37˚C in X-gal staining solution (1 mg/ml X-gal, 40 mM citric acid/sodium phosphate pH 6.0, 5 mM potassium ferricyanide, 5 mM potassium ferrocyanide, 150 mM NaCl, 2 mM MgCl 2 ). As a methodology positive control for ß-galactosidase expression, MCF-7 cells were exposed for 2 h to 1 μM adriamycin and expression of ß-galactosidase was assessed 4 days after adriamycin treatment (data not shown). Cells were examined by visual light microscopy and the percentage of positively stained cells was determined after counting two random fields of 100 cells each.
Fluorescent staining. Different cell lines were seeded out in 12 well plates at 1x10 5 cells/ml and cultivated for 24 h. Cells were treated with 1 mM of VPA or 2 μM TSA for 48 h. The plates were centrifuged and the medium was removed.
Apoptotic body detection. Cells were stained with 1 mM of Hoescht 33342 for 1 h at 37˚C and analyzed by fluorescence microscopy (DMI 6000 B, Leica).
MonoDansylCadaverine (MDC) staining of autophagic vacuoles. Cells were placed onto polylysine coated Labtek chambers, labeled with 100 μM MDC in PBS for 1 h at 37˚C and washed 3 times with PBS. Analysis of the stained cells was performed by confocal microscopy (LSM 510 Meta, Zeiss).
Results
Valproic acid has variable cytotoxic effects on multiple myeloma cell lines. The cytotoxic effect of valproic acid (VPA) was tested on the multiple myeloma (MM) cell lines OPM2, RPMI, and U266 using an XTT-based cytotoxicity assay. As depicted in Fig. 1A , VPA showed dose-and timedependent cytotoxicity on all three MM cell lines. OPM2 was the most sensitive cell line to VPA with an IC 50 of 1 mM VPA after a 48-h treatment, whereas RPMI cells had a respective IC 50 of 1.85 mM. The U266 cell line was less sensitive to VPA showing a respective IC 50 of 9.4 mM.
We assessed the stability of VPA in the cell cultures. VPA was added at 0.2 mM to the cell culture or to the medium without cells and incubated over a time period of 5 days in the incubator. The concentrations of VPA were measured from the supernatant of the cell cultures and the VPA containing medium by using the COBAS INTEGRA drug monitoring system from Roche. As depicted in Fig. 1B , no significant modulation of VPA concentration was detectable after 5 days of incubation at 37˚C in all samples. Controls showed an autoabsorbance corresponding to a VPA concentration of 0.03 mM.
VPA induces a cell cycle arrest in G 0 /G 1 phase. In order to verify if VPA has effects on the cell cycle, permeabilized cells of all three cells lines were stained with PI after VPA treatment and their DNA content was analyzed by flow cytometry. Measurements were performed on controls and on cells treated with 1 mM VPA for 48 h. As shown in Fig. 2 (upper), VPA clearly diminishes the cycling cell population undergoing G 2 /M or S phase in all three cell lines. Here, similar values were obtained for VPA-treated OPM2 and U266 with a respective diminution of cycling cells of 25% and 22% when compared to the controls. In contrast, the difference between control and treated RPMI is not so pronounced showing a cell cycling reduction of 10% only. Our results demonstrate that VPA causes a cell cycle arrest in G 0 /G 1 phase in OPM2, RPMI and U266 cells.
Caspase 3 but not caspases 9 and 8 are activated upon VPA treatment, and the pan-caspase inhibitor ZVAD-FMK does not block VPA-induced cell death.
In the next experiment, we addressed the question of whether the cellular death mechanism induced by VPA on the MM cell lines could be caspase-dependent. Therefore we performed immunoblotting with antibodies against caspases 9, 8 and 3 on total protein extracts obtained from lysates of OPM2, RPMI and U266 cell lines treated with 1 mM VPA during 72 h. Controls were cultured in equal conditions but without VPA. As depicted in Fig. 3A , only procaspase 3 was processed to its active form in all three cell lines. In OPM2 caspase 3 cleavage was slightly detected after 24 h, its signal increased at later time-points. In RPMI and U266 the cleaved form of caspase 3 had appeared already at 24 h post VPA treatment. However, no processing of caspases 9 and 8 were observed in any of the tested cell lines.
In order to verify if cell death upon VPA exposure is caspase-dependent, we performed the incubations in presence of ZVAD-FMK, a pan-caspase inhibitor. Consequently, the most sensitive cell lines OPM2 and RPMI were treated with increasing doses of VPA in presence of ZVAD-FMK within a time-course of 48 h. As depicted in Fig. 3B ZVAD inhibited, but did not completely abolish cell death induced by VPA. Strikingly, ZVAD-FMK seems to have no significant protective effect on OPM2. Calculated IC 50 values for RPMI were 2.9 and 1.5 mM of VPA with or without ZVAD-FMK respectively, showing a protective effect of ~50%. In conclusion these data indicate that VPA-induced cell death in the tested MM cell lines is not only dependent on caspase activation because ZVAD-FMK was not able to block cell death. (Fig. 4B) , indicating that the appearance of the double positives is not only a consequence of late apoptotic events. Even measurements at 6 h post VPA treatment did not increase significantly the amounts of annexin V-single positive cells, showing instead similar levels between controls and VPAtreated samples (data not shown). Moreover, DNA fragmentation assays were negative for all three cell lines after a 72-h exposure to different VPA concentrations (Fig. 5A) . As shown in Fig. 5B , these cell lines are able to develop late apoptotic figures visualized by DNA Hoescht staining when treated with trichostatin A. From these data we assume that apoptosis might not be the primary death mechanism and that other cell death mechanisms could be provoked by VPA.
VPA does not induce a senescence-like phenotype in OPM2,
RPMI and U266 cells. Various cytotoxic agents have been reported to induce senescence-like phenotype (SLP) in cancer cells at low doses (24) (25) (26) . However the biochemical changes associated with SLP are not clearly understood until now. We first determined the optimal condition of VPA for induction of SA-ß-gal activity, a biomarker for cellular senescence. We chose a concentration of VPA, where cells are still growing, but slower than the VPA-free control cultures. OPM2 and RPMI cultures were treated with 0.1 mM VPA for 7 days untreated populations: 0.21±0.33% and 0.14±0.23% respectively for RPMI; 1.1±1.22% and 0.8±0.55% respectively for U266. In conclusion, these results indicate that there is no VPA-induced SLP in the tested MM cell lines.
Autophagosome formation is induced by VPA. MDC is a weak amine that accumulates into acidic endosomal/lysosomal vacuoles. Hydrophobic interactions with lipids then enhance the fluorescence of MDC. Specificity of MDC to autophagosomes is due to the high content of unhydrolyzed membrane lipids from mitochondria and other organelles. In all three cell lines, autophagosomes were visible in the cytosol 48 h after VPA treatment (Fig. 6) .
Discussion
HDAC inhibitors have been shown to induce growth inhibition and cell death preferentially in transformed cells, making them promising cancer therapeutic agents (27, 28) . In the present study, we demonstrate that the short fatty acid VPA inhibits cell growth and induces cell death in multiple myeloma cell lines.
Several HDAC inhibitors have been reported already to exert cytotoxicity on MM cell lines (29, 30) . We demonstrated that VPA had in vitro cytotoxic effects on all three tested cell lines in a dose-and time-dependent manner, whereas the sensitivity of the different cell lines to VPA varied. Even within the physiological range (1-2 mM), (31, 32) , VPA was strongly cytotoxic on OPM2 and RPMI. Moreover, VPAinduced growth inhibition was associated with a G 0 /G 1 arrest in all three tested cell lines. HDAC inhibitors such as sodium butyrate, retinoic acid and trichostatin A cause a cell cycle arrest in G 0 /G 1 phase. Lavelle et al demonstrated that G 1 phase arrest is associated with an increase in CDK inhibitor p21 WAF and a dephosphorylation of the retinoblastoma protein (RB), suggesting that the G 1 arrest and growth inhibition was mediated by effects on the RB pathway (29, 33, 34) . Strikingly, similar cell accumulation values in G 0 /G 1 phase were obtained for OPM2 and U266, although U266 cells show relatively low sensitivity to VPA. A similar effect on these cells was observed by Lavelle et al. After a 24-h treatment with the HDAC inhibitor sodium butyrate, RPMI and U266 accumulated similarly in G 0 /G 1 phase but apoptotic and dead U266 cells accumulated more slowly. In this study, PARP cleavage was delayed and reduced in U266 cells. Therefore, the effects of HDAC inhibitors on cell cycle kinetics might be different to the kinetics leading to cell death among MM cell lines. Another study on HDAC expression profiles by real-time RT-PCR has identified that the greater resistance of U266 was associated with 5-10 fold increased expression of SIRT5, a single member of the sirtuin family of deacetylases (ASH Annual Meeting Abstracts, Blood 106: 5148, 2005).
HDAC inhibitors are known to induce programmed cell death in cancer cells, although the underlying mechanisms are far from being understood and seem to be very heterogeneous. Many HDAC-I-mediated death mechanisms have already been described, including induction of a senescence-like phenotype (33, 34) and autophagic cell death (27, 35) . This diversity of cell death mechanisms was also observed for VPA (19, 36, 37) . Recently one report demonstrated the antitumor activity of VPA on the MM cell lines OPM2, LP-1 and NCI-H929 (38); moreover, induction of apoptosis has been reported for these cell lines.
The phenomenon of apoptosis can be characterized by specific techniques. Externalized phosphatidylserine (PS) on the cell surface, detected with fluorochrome-labeled annexin V by a flow cytometer is considered a hallmark of apoptosis. Annexin V-positive but PI-negative cells are defined as early apoptotic cells, whereas annexin V/PI-positive cells are considered as late apoptotic cells (39) . We observed membrane changes on the MM cell lines upon VPA exposure. However, externalization of PS and plasma membrane permeability to the vital dye PI seem to occur simultaneously. From our annexin V/PI binding assays, we made the following observations: a) the amount of annexin V-single positive cells from the VPA-treated samples was not significantly different to the untreated control samples within the applied time-course; b) instead, annexin V/PI-double positive cells accumulated upon VPA treatment already at early time-points. Consequently, only the so-called late apoptotic/secondary necrotic cell number increased during VPA treatment. It is known that during necrosis, PS becomes accessible due to the disruption of membrane integrity and that phagocytosis of necrotic cells by macrophages is also PS-dependent (40) . PS externalization does therefore not guarantee apoptosis in this model. Moreover, late apoptosis characterized by internucleosomal DNA fragmentation was not detected in our tested cell lines after a 72-h exposure to VPA in DNA laddering experiments.
CD45 is a common leukocyte antigen. The expression of this transmembrane glycoprotein on the surface of all hematopoietic cells and their precursors (except for mature erythrocytes and platelets) is quite variable. Clinical and animal studies associate CD45 expression with a phenotype linked to the progression of multiple myeloma and the susceptibility to apoptosis (41, 42) . Interestingly, in our study, different levels of CD45 expression were detected in the three cell lines. VPA sensitivity seems to be correlated with CD45 expression. This could explain the difference in VPA cytotoxicity between the three cell lines. The U266 cell line was positive for this marker with a low sensitivity as previously described (43 Two different apoptotic pathways of VPA have been suggested in leukemic cells by Kawagoe et al; a caspasedependent, involving the mitochondrial pathway with nuclear changes, and a caspase-independent pathway mediating events on the cell membrane (19) . In our study, we prove that VPA induces processing of caspase 3 to its active forms within a time-course of 72 h in all three tested cell lines, whereas cleavage of caspases 9 and 8 was not detected in any of these cell lines. Activation of caspase 3 was delayed in OPM2 cells to 48 h in comparison to RPMI and U266 cells where it was already detectable after 24 h. This incomplete apoptotic pathway induced by VPA in these cell lines could result from a default in the MM cell machinery. However, late apoptotic figures when treated with tricostatin A and stained with DNA Hoescht staining were clearly observed. Moreover, the full apoptotic machinery to generate a complete response has previously been described in different studies on these MM cell lines treated with various agents as inhibitors of HDACs, proteasome or NFκB and etodolac. Most of these molecules induced activation of caspases 9, 8 and 3, either simultaneously or not (45) (46) (47) (48) . In accordance with our results, Pei et al have observed cleavage of caspase 3 by another HDAC inhibitor, sodium butyrate, when treated at 1 mM as soon as after 20 h. However, activation of caspases 9 and 8 was only induced upon sequential treatment with bortezomib/ SAHA or bortezomib/sodium butyrate (45) . This kinetic is not correlated with the effect of nuclear factor κ B inhibitor, 1'-acetoxychavicol acetate, which induces activity of caspases 3, 8, and 9 at 10 mM after 3 h of treatment.
The pan-caspase inhibitor ZVAD-FMK did not prevent cell death, indicating that, as observed already in leukemic cell lines, caspase-independent death mechanisms might be triggered by VPA in these MM cell lines. According to these data, we assume that nonapoptotic forms of cell death with features of necrosis and/or autophagy might be induced by VPA. Recently, one report demonstrated the anti-tumor activity of VPA on the MM cell lines OPM2 (38) . These authors reported that VPA induces growth inhibition (measured by the MTT assay), cell cycle arrest in G 0 /G 1 phase (data not shown), accumulation of acetylated H3 histone, an increase of p21 levels and a reduction in VEGF expression levels. Moreover, the extent of apoptosis has been assessed for these cell lines by the annexin V/PI binding assay. Although the authors published apoptosis quantifications without comparing untreated to treated cells, the shown data do not discriminate between the amounts of annexin V-single positive and annexin V/PI-double positive cells. Experiments implicating VPA's action on caspase activation or other apoptosis-related compounds were not performed in the mentioned report.
Other programmed cell death forms besides apoptosis such as senescence-like phenotype (SLP) and autophagic cell death are gaining more interest (49) . VPA has already been reported to induce SLP in medulloblastomas (37) . In ß-galactosidase assays, activation of this senescence-associated enzyme was observed after a histochemical reaction. We tested if VPA was able to induce SLP in the MM cell lines RPMI, OPM2 and U266. Our results provided no evidence for SLP in these three cell lines.
The link between caspases and autophagic cell death, opening the way for a new cell death mechanism, has recently been reviewed (50) . Other studies indicate that both caspases and autophagic cell death can be simultaneously activated within a dying cell; examples exist where active caspase 3 was associated with autophagic cell death (51-53). Since we did not observe cleavage of the activator caspases 8 and 9, which typically are activated during the initiation of the intrinsic and the extrinsic apoptotic pathways respectively, but only cleavage of caspase 3, we speculate that autophagic cell death might be involved. These initial experiments elucidate autophagic cell death as a potential mechanism provoked by VPA on MM. Confocal microscopy in presence of specific fluorescent molecules showed that this phenomenon is involved in VPA-induced cytotoxicity. An improved study is underway to confirm autophagy mechanisms in this model.
